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Passive Safety - Injury risk Assessment = an “Hybrid Approach”

Increasing demand for biofidelity & sensitivity (e.g.: age, gender, individual body shapes) will make
conventional dummies highly complex and finally unmanageable

Complexity / Usability

Sensitivity, Biofidelity

Human
Body
Models

Injury Biomechanics
Jeff Crandal 2015
Source: NHTSA, GM

Future Development

The icgnic crashrtest dummy has saved
thousands of lives. The new digital one
could save thousands more,

Dumb Dummy
Life span: 10 years
Height: 4'117, 5'9%, 62"
Weight: 108, 172, 223
Cost: $100,000

Crash-test cost: $300,000
Sensors/data points: 55-200

Smart Dummy
Height: Infinitely variable
Weight: Infinitely variable

Cost: $18 million’
Crash-test cost: $0

* Where do we go
from here?

* How do
computational and
physical models
co-exist and what
are the pros and

Sensors/data points: 100,000-3 milion  CONS Of bOth 7

Cansartium wpanding
Sources: NHTSA; General Maton

<

2 Human Body Models for Vehicle Safety applications - Strategic background & Road Map / RD/KSP / 2016
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Localization / Anthropometrie
Aging Society 141
Individual Body Shape 03““2‘:;
Automated Driving Cond. -

Shift driving task back to driver
- supported be PRE-SAFE®

Preventive action / Occupant position
restraint by PRE-SAFE® before |mpact
‘ N | —d Ak ' 1)
R o o T [ R (S
e
HISOY qutomated dvingicend. Preventive Occupant Safety
Driver out of the loop |

o
Represent occupant and human i,
; e 1\}{‘1/’
behaviour within pre-crash phase RS /
4 4
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Modelling the Human for Vehicle Safety

- a step towards pure virtual tools & assessment

Human

Model BOdy

P
Valid human
: kinematics
' = “Individual Safety”
1 age, gender body shape

Effect of muscle
tension & activity

Model

Injury risk
\ Inner organs

Injury risk
soft tissue
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THUMS-D
Chronology of development & applications

HBM / Pedestrian
accepted to be

\ used within
.  EuroNCAP protocol

2003 2007 2009 2011 2013 2014 2015 2016 2020
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THUMS-D: Applications / Product development

Beltbag:

._Study_48kmph

Designed to improve safety of rear passe
& demonstrated in ESF 2009

aaaaaaaaaaaaa

System on the market in current S-&Ecla

# 48kmph, Conveelt

3888 E

Optimization of system parameters
was done using THUMS-D

Max. Rib Compression [%]

58888

= N 10
,i‘ 222_FOND_THUMSD3.2_Beltbag_10-18_Frictio - State 1 at time 0.000000 o
00 05

PSIS (PRE-SAFE® Impulse Side)

Designed to improve safety of front
passenger is case of side impact

Pre-Crash triggered bag system

System safeguarding & performance
optimization using THUMS-D
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THUMS-D: Applications / PSIS development

PSIS (PRE-SAFE® Impulse Side) :

Application of THUMS-D:

9

Voccu pant Pre-lmpulse

==
System pre-crash triggered based o P SV
on environmental sensor information ; ‘

(radar)

Reduce Injury risk by pre-acceleration
of the occupant

-initiated by inflatable air-bladder

Optimization of system performance
& parameters (Real Life Safety)

Sensing Concept

Due care / system safeguarding
(false trigger)

alpha |
beta '

Dedicated biomechanical
improvement of THUMS-D by
implementation of rib material
representing elder population

Mercedes-Benz



THUMS-D: Applications / PSIS development

* Experimental work and validation
steps

* Specific focus on material properties
and characteristics of human ribs
representing young & elderly
population.

* Failure modelling of rib fracture

=>  Validation

_ Y| of updated
ﬁ Integrating new thorax
s material
: . Deﬂmtuon of properties in
material cards by | THUMS-D v3.2
gj> Tests of rib bones DYNAmore '

THUMS-D by TU Graz

v3.2
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THUMS-D: Applications / PSIS development

* Experimental work (TU Graz) (2nd test phase: female 32 years old & female 58-65 years old - 28 rib specimen)

3-Point
Bending
Test

Force — Deflection 2" test phase young & old rib specimen

T7:w, 32
TS:w, 58
Ta:w, 65

Force [N]

(58 yo)

0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30
Deflection [mm]
—T3 ——T4 ——TILS =——T7L6 ——T4LS ——T4RS T5L10 TSL7? = = MW jung = = MW alt

* Rib samples from young PMHS withstand approx. two to three times higher loads compared to rib samples from elderly.

« Stiffness (elastic curve section) of younger ribs is significantly higher.

* Allrib specimen (young and elderly) with similar dimensions showing comparable post-cracking behavior.

Tomasch E., Sinz W., Kirschbichler S., Steffan H., Darok M., Patsch J., Dimai H.P., “Korrelation von Knochendichte u. Rippenfrakturen®; EVU 2011-8 ; 20th EVU Conference, 2011, Graz.
Mayer C. ,Kirschbichler S., Tomasch E, Sinz W., Fressmann D. , Mayer F. Untersuchung des Bruchverhaltens &lterer und jiingerer menschlicher Rippen - Definition eines
Materialmodells und Implementierung in ein FE Human Model, TIM Symposium - Traumabiomechanik des alteren Verkehrsteilnehmers, 12. Februar 2014.
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THUMS-D: Applications / PSIS development

Rib material model and failure modelling of rib fracture

gemittelte Versuchskurven

o

24

- Mean of young ribs

Mean of elderly ribs

Material characterization of
test curve segments

5 (a) elastic

(b) elastic-plastic/hardening

(c) elastic plastic/softening

Basic: THUMS-D v3.2 rib

0 5 10 15 20 25 30
deflection [mm)]

max. pl. srain (ShellSolid)

006800
006205
0.05617
D.0506
n0aa3s

0.03843
003252
0.02661
o020
001473

0.00as7
000255

fracture modelling

L LS-DYHA kopryword dack by LS-Prapost - Stabe 202 af time 200,530786
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THUMS-D: Applications / PSIS development

* Rib material model and failure modelling of rib fracture

Young rib material

» Elastic range

cortical bone (MAT 24)

E,, = 3.5 kN/mm2

trabecular bone (MAT 1)
E,,=0.04 kN/mm2

» elastic-plastic/hardening
o, =0.109 kN/mm2

» elastic plastic/softening

- failure flag®
epl = 0.05

- element deletion/damage

dam 50, 0.05-0.1

Old rib material

> Elastic range

0.6

=
P
=,

@

o

2

o
20,
pur

Q

ol

=

<

(=3

O

cortical bone (MAT 24)
E.,= 1.5 kN/mm2
trabecular bone (MAT 1)
E,,=0.04 kN/mm2

elastic-plastic/hardening
o, =0.026 kN/mm2

elastic plastic/softening

-> failure flag*

epl = 0.068

-> element deletion/damage
dam 50, 0.05-0.1

contact force [kN)]

contact force [kN]
o

max. pl. strain

0.06800
0.06209
0.05617
0.05026
0.04435
0.03843
0.03252
0.02661
0.02070
0.01478
0.00887
0.00296

Z

<

(Shell/Solid)

~”~

LS-DYNA keyword deck by LS-Prepost - State 1 at time 0.000000
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THUMS-D: Applications / PSIS development

L. . Cadaver Data Test
Validation according to ISO TR9790 Conditions
Oblique-lateral pendulum impact test Le:_t qu:: Ei‘:::h h;?a;:::l:::g I{:'E‘T::it;r

. . Oblique 6.7 m/s - Force vs. Time (I{g] [mm) |_ H {mj’s}
L/ . 17] 703 | 300 | 0 | 0 5,50

ﬁ: : b 29| 531 285 0 0 5,20

N 36| 676 | 305 | 0 | 0 4,00

3% S— e T— 40| 758 | 335 o | 2 3,62

sl — 41| 758 | 335 0] o 3,80
& _ Time (ms) _ J g / - 4 E‘g.g 280 7 0 5,99
+}ﬁi?%zaf‘::;1que :g\l?‘ye;%zr_"%lﬂ:-que ——MNRo_6.7_Oblique LS-DYNA keyword deck by L&PrepasbSt&W_r time 0.000000 5 56'3 EQD /3’ - - ﬁ\ 6’45
. 7|563| 270 |/5 | 1| 673
L4-9 (high) 1| 762 | 205 | 5 | o 671
* NRy:.
ISO,/TR 9790:1999, Table C.1
L5-9 (low) (1S0/T able C-1)
I.‘4A$g§fj'um) —> Rib fractures predicted from simulation
L3, L6-8, L10 (medium) shows go.od correlation to rib fractures
L4-5, L9 (high) observed in PMHS tests
R8 (low) (documented in ISO/TR 9790)
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THUMS-D: Applications / PSIS development

Safeguarding: Static deployment

"

L_ms.wz 13-SEAT-WITH-PSIS Comering_Std_Ri - State 1 at time 0.000000

-> No plastic strain

- Only minor elastic strain

Plastic Strain
Fringe Plots

True Strain
Fringe Plots

Rib Compression

Rib Compression - Standard THUMS Ribs

Q
m —Rib 1
CD T —Rib 2
-c E —Rib 3
b § i .
= © o -
L -g § / \Acf\va-«-« —Rib 6
- o 2 lndr\/“’\,_-._ﬂ_\_ N T —Rib 7
) I~ NS~ ——— —- —Rb3S8
w 7_%__/\./-\,-«_,. P P M & o
—Rib 10
Time (ms)
Rib Compression - Old PMHS Ribs
Q
ey s —Rib1
m E‘ /) —Rib 2
> HEREV. (AN SN ::::i
o Yl NBINNZA NN b
© § Irf /Jr \—'-'»—\ ] \N?R\ —Rib6
— E i/L\/_//‘ \_ —_— \ — Rib7
m v—/_’ Q\""W/M—l’f—\cbo:« ~—Rib 8
Rib 9
—Rib 10
Time (ms)
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THUMS-D: Applications / PSIS development

» System performance:

Rib Compression

Dynamic results

- Old rib material

ITHS Barrier Test

50 kph (a)
W213_Side_Crash_MDB_JIHS.2. ‘@FSIS' std - égate i',at time 0.000000
° System Optimization Shoulder Compression Vs Clavicle Fracture Risk
V' s
[
. . 9
-> pre-crash trigger time ?
o
g. o ® No PSS
@® No Airhace
. o oo 8 ° e PsiS o
- With PSIS significant o orsis £
% ® opsis Eg)
decrease of S | 0% e
(@] . . L )
rib fracture risk = trigger time optimization
and rib compression _ ) clavicle fracture risk
without PSIS with PSIS —
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THUMS-D: Development - Active HBM

ol b K- - N _ »
Todays PRE-SAFE systems R E"ﬁ ﬁ:’ﬁ - SIS ! B
already addressing Highlv aut nag) A _
“preventive action” of passive = Isjlr?\t/]e(r)l::t if thr;vll(r)lgpcon Preventive Occupant Safety _

safety - but this timeline will .
be extended much more with Represent occupant and human
autonomous driving. behaviour within pre-crash phase

Active HBMs, take into account
muscle activity and human
behavior, will be capable of
predicting occupant pre-crash
positions and kinematics.

Modified FE muscles

Still in research stage, these
HBM’s will supplement the
existing toolchain in predictive
engineering - CAE.

.. Slot 0: Frontal_Load_Pul Slot 1: Frontal_Load_Pul

Mercedes-Benz



HBM : Future
Active HBM

* Latest improvements
* Muscle modelling
* Relaxed

Hill type muscle (MAT_156)

L™
\.M

{+1

¢ oy
¥
—"F
3 | pryryre |

F
| L¥ - |
) A

Improvement through

muscle routing
at element level

e

level to full HBM model

Highly automated driving cond.
Driver out of the loop

Represent occupant and human
behaviour within pre-crash phase

post - State 10 at time 449.999908

Switching from element

LS-DYNA kityword deck by LS-Preg

e
e
N

v A

Experimental tests for relaxed state response

Hev relaxation i acrieve

‘relaxed response’

=

PMHS

«essses New_mesh_contact_Nec
k_torso_qiv_neck_liga

300 400 500 600

Mercedes-Benz



HBM : Future
Active HBM

* Muscle routing

One beam element generates
unphysiolocical situation

Pulley mechanism created by
splitting into pully beams and
pulley nodes

Highly automated driving cond.
Driver out of the loop

=
o

Represent occupant and human r;r, s

behaviour within pre-crash phase .;5,,‘4 /

Initial experience / besf compromisé;'
(numerical stability vs. physiology)

Use of one pulley node and two serial muscles

\ \'-L_,fj;/ |‘

w LS-Prépust f.State 10 at time 449.999908 | Slot 1: LS-DYNA keyword deck by LS-Prep

== Regular line muscles
activated

Pulley muscles
activated

The ducking of the
neck is less
pronounced
compared to regular
muscles, when using
pulley muscles.

Mercedes-Benz



HBM : Future
Active HBM

e

Highly automated driving cond. ,
Driver out of the loop Preventive Occupant Safety |

() LV\"" [=)
L oy g - Represent occupant and human 5,
o] S = — L, behaviour within pre-crash phase \z,ﬁm
F?EI LM PE
- ' PD
Musgle fibre
Sarcoplasmic
reticulum -
Myofibril e
. P = Myosin
e Latest improvements - =
/outlook: I e~ -
o(t) At) e(t)

Implementation of physiological
activation dynamic and
Lambda-control

*DEFINE_CURVE_FUNCTION, *DEFINE_CURVE
& *DEFINE_FUNCTION keywords

—{ ey —()

-

J{\STIM(t)
/

leelt)

q=q(STIM,t)

q(t) Vee(t)

LTV S

Regelkreis der A-Kontrolle, nach (Kistemaker, Van Soest, & Bobbert, 2006)

Mercedes-Benz



HBM : Future
Active HBM

Highly automated driving cond.
Driver out of the loop

Mercedes-Benz



COllabOI‘ation Safe small Electric Vehicles through

. advanced simulation methodologies
* European research project - SafeEV

* Provide the methods, criteria and advanced active and
. passive safety evaluation tools needed for pedestrian &
] Safeev occupant protection and increased compatibility

T
1
1
1
s
]

=
ol
o
B
u
n
]
]

‘
H
an ——  e—
H SEVENTH FRAMEWORK
E PROGRAMME

[T

* Deliver key building blocks that are required for virtual
certification of small electric vehicles

. Development of Virtual Evaluation
Procedures for Small Electric Vehicles

i ’ = WWwWWw.project-safeev.eu

Final event Sept. 25t

] gl 3 CENTRO |
virtual @ vehicle @ BOSCH t”ﬁ‘; e peercke DAIMLER M'—?- f S - ﬂ'grg VOLKSWAGEN swerea|siCOMP
b e

i Slot 2: LS-DYNA keyword deck by LS-PrePost - State 2 at time 4.999896
Invented forlife & peininfnin

Gz University of Technclogy
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QURRNGYGSRRddqs

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx

Collaboration | Safeev P

e “Key building blocks...”

Post processing 2>
Injury predictors - Criteria B
Post processing tools (SUFEHM/IRA ; “DYNASAUR”) reson

THUMS V3 VPS
THUMS V3 LS-DYNA

B3I T
G atedad

Tibia impact = 58 ms 2 o
Unloading of tibia = 65 ms Same head impact

time (HIT)

Principal comparability of codes 2>
Metrix for comparison
Validation / set-up
Model settings
Tracking- / Reference Points

21 Mercedes-Benz



Collaboration

e “Active HBM” - Evaluation Pre-Crash System

Approach / Method for data transfer
between pre-crash and crash phase:

Applying an active HBM

validated for pre-crash simulation
(AHBM; carhs 2014; K.Brolin, J.Osth)

in Pre-Crash scenario (in this case: AEB).

Transfer of physical and dynamic data to

HBM (THUMS-D), validated for in-crash
simulation and injury risk evaluation.

SEVENTH FRAMEWORK
PROGRAMME

Pre-crash simulation - AHBM

1 gloading appbedtc

Transfer pre-crash to in-crash posture — AHBM > THUMS-D
Thorax deformation after quasi static loading

b

XVel Yvel 2

X Vel Yvel ZVel X Vel

Mean ;1208 | 0134
ISTORV 0036 [
Sampls Size i7é %
1960 1960

i In 0002 0001

rror (Minis 013
0.159

<1048

Q0% ¢ ) 083 4 11 104

oox o0 00 o4 01

iM% 178 178 178 995

1960 1.960 1960 1.960 1.960

feleery 3 0003 o004 X6
-11 083 0087 oo 0.04

Q066 0

In-crash simulation — THUMS-D

22
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HBM: Strategic Aspects & Outlook

 Supplementary tool in safety development
 Tool Fusion within a supplementary virtual assessment
 Tool Fusion with other application areas of HBM

Ride&Handling Thermische NVH Insassenschutz Crash Prozess-
Absicherung 8 simulation
A B K :
Fahrleistung/ Integration Aerodynamik Steifigkeit/ Betriebsfestigkeit
Verbrauch/ Powertrain Betriebsfestigkeit Fahrwerk
Klimatisierung Karosserle &_
N
0
Schwingungen Energie- Motorkiihlung EMV FuBgénger- Fabrlklastf!“’
Fahrwerk management schutz

o

. &
»
»

p=

e

S

“Individual Safety”
age, gender, body shape

Valid human
kinematics

Effect of muscle
tension & activity

23
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